of Lake Gusinoyе, which is the largest freshwater lake in Buryatia (Russia) and is used as a cooling reservoir for the Gusinoozerskaya thermal power plant (TPP) 
Introduction
Bacteria play an important role in the functioning of freshwater reservoirs and in maintaining the processes involved in water self-purification. They are the foundation of biogeochemical barriers and can also be used as bioindicators of ecosystem changes (Zavarzin, Kolotilova, 2001; Falkowski et al., 2008) . To predict changes in ecosystems caused by human activities, it is important to study microorganisms in lakes and river mouths. Lake Gusinoye is one of the biggest freshwater bodies in Buryatia and is located in Selenga Middle Mountains. The area of the lake is 164 km 2 ; the drainage basin has an area of
km
2 . It is classified as a water body with a low flow rate and slow water exchange. There are nine rivers which make up the primary inflow, with the river Bain-Gol being the only primary outflow (Borisenko et al., 1994) .
Since the mid-70s of the 20 th century, when the Gusinoozerskaya thermal power plant (TPP) started operating, the lake has been used as a natural cooler and therefore has been subjected to significant anthropogenic impact (atmospheric emissions by the station, a warm water inflow from the power station cooling system, wastewater discharges from Gusinoozersk and the village of Gusinoye Ozero). Lake Gusinoye is also used for commercial fishing and as a public water supply. Approximately one-fourth of the overall water is extracted from the lake yearly for the purposes of supplying the community (Borisenko et al., 1994) . Due to the thermal impact, the ice cover in the northern part of the lake does not form in winter, thus disrupting seasonality of the processes that would otherwise occur in the water.
There is lack of data concerning the microbial composition of Gusinoye Lake. To date, the study of microorganisms has covered only cultivated physiological groups of bacteria (Khakhinov et al., 2005; Abidueva et al., 2014) .
The aim of this work was to determine the abundance and biodiversity of bacterioplankton in different parts of Lake Gusinoye and to evaluate the impact of thermal pollution on the bacterial community.
Materials and Methods
Water samples for hydrochemical and microbiological analysis were collected at 11 stations; six stations are located in the area of thermal influence in the northern part of the lake, two are in the central part, and three are in the southern part of the lake.
At station 1 (TPP cooling system water intake), we collected samples of the water that is Samples for hydrochemical and microbiological analyses were collected from the surface of the lake into sterile glassware.
Temperature and pH were measured using the portable device 'PH-200' (HM Digital, China).
The concentration of dissolved oxygen was analysed using the Winkler method (Romanenko, Kuznetsov, 1974) . Water hardness and anion/ cation concentrations were determined by titration.
To determine the total number of bacteria, 30 ml of water was filtered using a nitrocellulose membrane filter with pore diameter of 0.2 µm and dyed with 2.5% erythrosine. Next, the number of bacterial cells was counted using the Axiostar plus microscope (Carl Zeiss, Germany). The number Fig. 1 . Locations of sampling stations at Lake Gusinoye: 1 -water intake, 2 -warm water discharge, 3 -discharge channel, 4 -influx to the lake, 5 -at railway station Baraty, 6 -centre of the lake, 7 -mouth of the Teli River, 8 -mouth of the Zagustay River, 9 -at Holbodzhinskiy coal mine, 10 -mouth of the Tsagan-Gol River, 11 -outflow of the Bain-Gol River of organotrophic bacteria was detected using Fish Peptone agar diluted 10-fold. Production and destruction of organic matter were analysed by the Winberg method, based on formation and utilisation of free oxygen (Romanenko, Kuznetsov, 1974) .
For DNA extraction, approximately 500-ml water samples were concentrated using nitrocellulose membrane filters with pore diameter of 0.22 µm; filtration continued until the filter was clotted with bacterial suspension. DNA extraction from the filters was performed using the commercial kit NucleoSpin Soil (Macherey-Nagel, Germany).
DNA sequencing was performed on MiSeq sequencer (Illumina) using Reagent Kit v3 and barcode sequences (Fadrosh et al., 2014) .
Amplification was performed as described
elsewhere (Martemyanov et al., 2016) . Obtained paired sequences were analysed with UPARSE scripts (Edgar, 2013 ) using USEARCH v10.0.240 (Edgar, 2010 . The bioinformatical analysis included overlapping of paired reads, filtering by quality and length, recognising identical sequences, rejecting singletons, deleting chimaeras, clustering and obtaining
OTUs. Taxonomical classification of OTUs was performed using RDP Сlassifier 2.11 (Wang et al., 2007) .
Results

Physicochemical indicators
In April, the temperature of the water in the ice-free discharge channel (13.5°C) was much higher compared to the water in the lake (2.0-3.9°C) ( ).
The chemical composition of the water in the discharge channel and in the lake was similar ( 
Abundance of microorganisms
The total number of microorganisms in the water of the lake varied from 0.1 to 2.5 million cells per ml at different time periods. Maximal counts were detected near the Zagustay River mouth (St. 8), where the effluent wastewaters are discharged (Fig. 2) . Relatively high total numbers of microorganisms were detected at the stations exposed to anthropogenic impact, namely, near the point of warm water discharge, in the vicinity of the Baraty railway station and at the Teli River mouth. Seasonal dynamics revealed an increase D -depth, M -sum of mineral compounds dissolved, P -organic production, D -organic destruction, dash -no analysis was performed. Table 2 . Chemical composition of the water of Lake Gusinoye (April 2016) in the number of microorganisms at almost all the stations in May, which coincided with the spring peak in phytoplankton development. The maximum number of organotrophic bacteria was observed in the discharge channel and at the point of its influx into the lake (Fig. 3 ). Higher numbers of microorganisms were also observed at the mouths of the Zagustay and Tsagan-Gol Rivers, at the point of the Bain-Gol River outflow and near the Baraty station. They are responsible for the production of organic substances and can be a potential source of toxins.
Discussion
Chemical composition of the water in the discharge channel and in the lake was similar.
Water hardness and the amounts of dry residue indicate that this water is suitable for drinking. by a conductivity meter (Tsydypov et al., 2017) .
These data indicate an increase in the total amount (Borisenko et al., 1994) .
The total abundance of bacteria and the abundance of organotrophic bacteria at the temperature influence point (warm water discharge) did not differ significantly from the corresponding parameters throughout the lake.
No reliable correlation between the abundance of microorganisms and water temperature was found, though certain increases in the counts of bacteria were observed next to the point of warm water discharge. High counts of organotrophic bacteria were detected in the discharge channel and at the point where it enters the river, indicating the presence of easily decomposable organic compounds. It is likely that a barrier zone typical of river mouths is also formed in Kenon Lake, a natural cooler for the Haranorskaya TPP (Zabaykalsky Krai) (Matyugina, 2005) .
The author attributes it to the increase in the amounts of organic compounds of autochthonous (i.e., photosynthesis by phytoplankton) and allochthonous (i.e., terrigenous drainage) origin triggered by the increase in water temperature.
This assumption corresponds with the thesis that presence of accessible nutrients is the main factor affecting the abundance and diversity of bacteria (Logue et al., 2012) .
The patterns of taxonomic diversity of bacterioplankton at the examined stations at Lake
Gusinoye were similar. A distinctive feature of the bacterioplankton in the lake was a significant proportion of the phylum Cyanobacteria, which may indicate a potential threat of a water bloom.
A consistent and predictable increase in the abundance of cyanobacteria due to eutrophication of freshwater lakes and seas, especially in the coastal zone, has been described previously (Smith, 2003) . It was shown that with an increase of the trophic status of freshwater lakes, significant changes in microbial community diversity occurred only at the level of individual OTUs and not at the level of phyla, which implies adaptation to specific ecological niches (Zwirglmaier et al., 2015) . In contrast to our data, it was found that the dominant bacterial phyla in Lake Baikal are
Bacteroidetes, Proteobacteria and Actinobacteria (Parfenova et al., 2013; Bashenkhaeva et al., 2017; Dagurova et al., 2017) , which is typical of freshwater lakes (Newton et al., 2011) . The difference may be attributed to the fact that the taxonomic diversity examination was restricted to the shallow water stations in the northern part of the lake subjected to thermal anthropogenic impact; therefore, further research aimed at comparing the taxonomic composition there with the control stations is essential.
Conclusion
The 
